
DYNAMICS OF YELLOW STARTHISTLE, CENTAUREA SOLSTITIALIS, ACHENES 

UNDER BURIED, STORED, AND NATURAL CONDITIONS IN CALIFORNIA 

BY 

DONALD B. JOLEY’, DONALD M. MADDOX~, 

DAVID M. SUPKOFF’, AND AUBREY HAY FIELD^ 

NOVEMBER, 1990 

BIOLOGICAL CONTROL PROCRAM 

I California Department of Food and Agriculture 
USDA, Biological Control of Weeds Laboratory 
Albany, California (Retired) 



ABSTRACT 

Studies Liere conduct.ed to compare changes in germinabilj ty and/or viability 

of yellow starthistle achenes buried (in packets) in soil or stored dry in 

the laboratory, and to determine the rate of achene depletion from a natural 

soil seed bank, In one study, after 72 months there were 0% to 96% ger- 

mjnable achenes remaining in packets after burial, and a mean above 99% 

after dry storage. I n  another study, total live achenes (germinable plus 

viable) declined frpm 100% at harvest to 73.9% (pappus-bearing) and 81.3% 

after 24 months of burial for pappus-bearing and nonpappus-bearing achenes, 

respectively. Germination percentages of pappus-bearing achenes, buried at 

various depths, increased with depth. Maximum survival of achenes occurred 

at depths of 5-cm or more, after 12 months of burial. The density of yellow 

starthistle achenes and seedlings declined curvilinearly in a natural soil 

seed bank when achene rain was prevented. Decline was attributed primarily 

to seedling emergence and achene death. Achene density in the upper 2.5-cm 

of soil appeared to be a good predictor of seedling emergence after autumn 

rains. 
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INTRODUCTION 

Yellow s t a r t h i s t l e  (Centaurea s o l s t i t i a l i s  L .  /I CEtdSO), a weed of Eurasian 

o r i g i n ,  h a s  become widespread and p a r t i c u l a r l y  abundant i n  C a l i f o r n i a ,  

Oregon, Washington and Idaho ( 7 ) .  I n  Ca l i fo rn ia  alone,  t h i s  weed i n f e s t s  

more t,hari 3 mil l ion  gross  ha ( 7 ) ,  much of i t  concentrated i n  the nor th  c o a s t  

arid Sacramento drainage a reas  ( 6 ) .  Yel.10~ s t a r t h i s t l e  is e s p e c i a l l y  

troublesome i n  rangelands due t o  i ts po ten t i a l  t o  form dense s t ands  and 

reduce forage capaci ty and i n t e r f e r e  w i t h  grazing ( 2 ) .  

Yellow s t a r t h i s t l e  is normally a winter annual ( 2 ,  6 ,  7 ) .  The l i f e  cyc le  of  

most p l a n t s  b e g i n s  w i t h  seedl ing  emergence i n  autumn and ends  w i t h  f lowering 

and achene production d u r i n g  the  following summer. Two k i n d s  of  achenes a r e  

produced, a l ight- colored  t y p e  bearing d ivergent  pappus b r i s t l e s  

("pappus-bearing") , and a dark-colored type, u s u a l l y  w i t h o u t  pappus br is t les  

("nonpappus-bearing") ( 5 ) .  

Control  of  annual weeds, such a s  yellow s t a r t h i s t l e ,  depends on c o n s i s t e n t  

suppression of achene production and deple t ion  of t h e  s o i l  seed bank. 

Despi te  t h e  importance of yellow s t a r t h i s t l e  as a weed, l i t t l e  ha s  been 

repor ted  about  its biology, including the f a t e  of t h e  achenes i n  s o i l .  To 

enhance t h e  eva lua t ion  of  b io logica l  cont ro l  agent impact on yellow s ta r-  

t h i s t l e ,  t h e  Ca l i fo rn ia  Department of Food and Agr icul ture ,  Bio logica l  

Control  Program, i n  co l labora t ion  with t h e  USDA BioLogical Control of Weeds 

Laboratory (Albany, C a l i f o r n i a ) ,  i n i t i a t e d  s t u d i e s  on seed longevity.  Since 

yellow s t a r t h i s t l e  is a winter  annual ,  relyi.ng on seed production t o  per-  

petuate i t s e l f ,  and because most of the candi.date b io logica l  con t ro l  agen t s  

impact t h e  flower heads of  the i r  h o s t ,  it is important t o  have b a s i c  in fo r-  

mation on seed dynamics. I n  the present rcsearch ,  s t u d i e s  were c a r r i e d  out  

t o  compare the  changes i n  germinabil i ty  o r  v i a b i l i t y  of the two achene types 
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buried i r i  s o i l  o r  held i n  dry s to rage  and t o  determine the  r a t e  a t  which t h e  

achenes ai'e deoleted from a natiiral  s o ;  I seed b a n k .  

MATEtllALS AND METHODS 

Experimental s i tes.  Al l  f i e l d  S t l J d i e s  were car r ied  out near L.oomis, P lacer  

County, C a l i f o r n i a .  'The s i t e  had r o l l i n g  t e r r a i n  a t  e l eva t ions  of 110- t o  

150 m. Formerly orchard land,  i t  had l a i n  fallow fo r  many yea r s  and had be-  

come in fes t ed  w i t h  yellow s t a r t h i s t l e  mixed w i t h  various g r a s s e s ,  fo rbs  and 

legumes. The s o i l ,  c l a s s i f i e d  a s  an Andregg sandy-loam (coarse-l.oamy, mixed 

thermic l 'ypic I laploxcrol is)  ( l ) ,  is well drained except i n  low-lying a r c a s .  

Germination cond i t ions .  A l l  achene gelmination tests  weri: carried ou t  a t  

the Cal if 'ornia Department of Food and Agr icul t ,urc  Seed Analysi?: Laboratory 

i n  Sacramento. Non-detcrior,ated achenes were placed on two :;beets o f  

b lue- b lo t t ing  germination paper i n  p l a s t i c  t r ays  (25-  by 17.. by 3-e111i, The 

germination paper was moistened w i t h  t .np iJater and the  achenes w e v e  in. 

cubated for  21 days in automatic germinritors s e t  at. an a i t , e t -na t ing  

temperature and l ight .  regime of 25OC ( 8  hrs  cool white f l i ioresceni  I i g h t ,  60 

umo1s.m s , a t  achene l eve l )  and 15OC ( 1 6  h r s  darkness)  a t  >95% r e l a t i v e  

h u m i d i t y .  Germinated achenes wcre counted and discarded a t  weekly i n t e r -  

va l s .  Protrusion of  the  r a d i c l e  through t h e  t e s t a  was the  c r i t e r i o n  of 

germinat ion.  Where noted, t h e  remaining f i rm,  ungerminated achenes were 

checked for  v i a b i l i t y  by s l i c i n g  each i n  hali '  lengthwise (narrow a x i s )  and 

not ing  the  condit ion of the endosperm us ing  a s t e r e o  microscope ( 3 0 X ) .  

Those w i t h  a f i rm white endosperm were counted a s  v iabl~e .  Data is presented 

e i t h e r  a s  percentages of germinated or  t o t a l  l.ive (germinated p l u s  v i a b l e )  

achenes that  were b u r i e d  or  placed in d r y  s torage  ( b u r i a l  s t u d i e s )  o r  a s  

- 2 .  - 1  



mean niiiiibers of t o t a l  live achenes recovered from s o i l  cores (depletion 

study). 

Achenes buried at 5-cm or stored dry. 

1983 study. Four replicate samples of pappus-bearing and nonpappus-bearing 

achenes (3000 each) were collected in August 1983. The pappus-bearing 

achenes were vacuumed from open heads; the nonpappus-bearing achenes and 

chaff were separated from the heads by crushing and screening (2.0 mm mesh). 

Empty testa were eliminated by air-stratification with a seed blower. 

Processed achenes were separated by type and replicate field sample. 

Four replicate lots of each achene type (100 achenes per lot) were drawn 

(one replicate lot per field-collected sample) per burial time interval and 

mixed with 12 ml of steam-sterilized sand, enclosed in 5-cm square nylon 

mesh packets and buried in soil to a depth of 5-em in a randomized block 

design. A duplicate set of lots were drawn and enclosed in vapor-tight 

glass vials and stored in darkness in the laboratory a t  21°+ - 2 O C .  

Dry-stored achenes were tested for germinability at 1 week, 1, 12, 36, 50, 

and 72 months post-harvest. Buried achenes were tested at 1 week, 1, 12, 

24, 36, 50, and 72 months post-harvest. 

1984 study. Pappus-bearing and nonpappus-bearing achenes were collected, 

processed, and stored as in 1983. Before achenes were drawn for germina- 

tion, burial, or dry storage, the four replicate field samples were pooled, 

and ten replicate lots of each achene type (80 achenes per lot) were drawn 

per burial and storage time interval. Dry-stored achenes were tested for 

germinability at 1 week, 1 and 24 months post-harvest. Buried ache,Ies were 

tested at 1 week, 1, 12, and 24 months post-harvest. Only nine replications 
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were exhumed at 24 months. The remaining firm, ungerminated achenes were 

checked for  viability as described previously. 

Pappus-bearing achenes buried at various depths. 

1984 study. Eight replicate lots (per burial depth) of  pappus-bearing 

achenes (80 achenes per lot) were enclosed (without sand) in nylon mesh 

packets and buried in soil to a depth of 0.5-, 1- , 2.5-, or  5-cm in October 

1984. Achenes were drawn from the same source used in the previous 1984 

study. The packets were arranged by burial depth In a randomized block 

design. Packets were retrieved in November 1985 and the achenes tested for 

germinability as described previously. 

1988 study. Packets of pappus-bearing achenes, collected in August 1988, 

were buried to a depth of 0.5-, 1-, 1.5-, 2-, 2.5-, 5- or 10-cm in October 

1988. The packets were retrieved in September 1989 and the number of firm, 

intact achenes and empty (split or un-split) testa counted. The intact 

achenes were tested for germinability, and the remaining firm, ungerminated 

achenes checked for viability as described previously. 

Achene deplekion. In a preliminary study, analysis of yellow starthistle 

aohene numbers in soil indicated that 30 quadrats with eight soil cores per 

quadrat (two cores each per quadrant) pooled would be an adequate sample 

size. At the depletion study site (15- by 15-m) four sets of 30 quadrats 

(0.5- by 0.5-m) each were randomly selected for  obtaining soil cores, one 

set for each year sampled, from 1983 through 1986. Another set of 30 quad- 

rats (0.25- by 0.25-111) was randomly selected and permanently marked for  

determining yellow starthistle seedling emergence. Galvanized nails were 

firmly anchored in soil at the corners of each of these quadrats, and 



braided nylon twine was affixed to the n a i l s ,  slightly above ground level, 

to estahl ish the perimeter. 

During summer and autunin 1983, yellow starthistle plants growing within the 

study site were allowed to disseminate achenes. Thereafter, all further 

seed raw was prevented inside the aite and around the periphery (three 

m-wide strip) by mowing or hand clipping plants. 

Yellow starthistle seedlings in each of the 30 permanently marked (0.25- by 

0.25-111) quadrats were counted during the rainy seqspn (September through 

March) f o r  four years beginning in 1983. Counts were initiated two to three 

weeks after the first measurable rainfall o f  the season and oontinued at 

monthly intervals. Newly emerged seedlings were marked with flagged wires 

to avoid duplicating counts. 

Each year in September, from 1983 through 1986, a quadrat frame (0.5- by 

0.5-m), divided into 100 equal cells, was positioned over each of 30 quad- 

rats, and slght soil cores (1.9-cm diam by 2.5-am depth plus litter) were 

extracted with a soil auger from randomly chosen cells and Each 

of these composite soil samples was washed separately in a nylorl mesh bag, 

and the non-deteriorated yellow starthistle achenes were removed with for- 

ceps, air-dried and tested for germinability and viability as described 

previously. 

oombined. 

Statistical Aflplysiq 

Linear an4 non-linear regression qnalyses were performed on data the 

general linear model and the nonlinear regression procedures (Harquardt 

method), respectively, of the Statistical Analysis System ( 8 ) .  Levene's 

test was used to assess the homogeneity of variance in the germinability 

using 
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(with angular transformation) (10) of burled achenes (9). Fisher's least 

s i g n i C i c r l i i t  differcnce test for pairwise means comparisons was used to 

evaluate germination percentages of dry-stored and buried achenes between 

time of collection and one month post-harvest. 

RESULTS 

Fate of achenes buried at 5-cm or stored dry. 

1983 study. Achenes, incubated one week after harvest, had a mean germina- 

tion percentage of 84.3%. After 72 months, dry-stored and buried achenes 

had mean germination percentages of 99.4 and 37.7, respectively. The mean 

percentage of germinable achenes (with angular transformation) stored in the 

laboratory showed a significant curvilinear increase over 72 months (r2 = 

.59, p = .001) . Although there was a decline in mean germination percent- 

ages of buried achenes, regression analysis of achene germinability was 

inappropriate given the heterogeneity of variance between months. 

Regression analysis indicated that for buried achenes the variability in 

germination percentage (with angular transformation) showed a significant 

linear increase over 72 months (r2 = -73, p < .01). The relationship be- 

tween time and variability in germination percentage is given by: 

V = 0.056 + 0.003M 

where V variance in germination percentage, and M = months of burial. Over 

time, achenes in some packets retained a high germination percentage, while 

in others achenes displayed a much lower germination percentage (Fig. 1 ) .  

1984 study. There was a decline in percentages of total live (germinable 

plus viable), buried pappus-bearing and nonpappus-bearing achenes over time. 

However, relatively large percentages remained alive at the end of the two 

year study. After 24 months, viability of buried pappus-bearing and 
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I 

Germination Percentage Intervals 

Figure 1. 
starthistle achenes over time (1983 study).  

Frequency of germination percentage intervals of buried yellow 
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nonpappus-bearing achenes had declined from 100% at harvest to 73.9% and 

81 .3p ,  respectively. By comparison, more than 99% of' dry-stored achenes 

remained viable. 

For both dry-stored and buried achenes, there was a significant increase in 

germination percentages of both achene types from time of collection to one 

month post-harvest. After one month of burial o r  storage in the laboratory, 

germination percentages of pappus-bearing achenes increased from 74.9% to 

98.8% and 99.3, respectively. There was an increase in germinability of 

the nonpappus-bearing achenes from 58.3% at harvest to 96.8% after one month 

of burial and 96.5% after one month of dry storage. Levene's test, used to 

assess the homogeneity of variance in the germinability of buried achenes, 

indicated that no significant heterogeneity of error variance could be found 

after 12 months, but after 24 months of burial a non-constant variance was 

detected ( p  < .OO3). Regression analysis indicated that the variability in 

total live achenes (with angular transformation) showed a significant linear 

2 increase over 24 months of burial (r = .98), p < . O l ) ,  The relationship be- 

tween time and variability in total live achenes is given by: 

V = -0.003 + 0.004M. 

Fate of pappus-bearing achenes buried at various depths. 

198u study. There was a significant curvilinear increase in the percentages 

of pappus-bearing achenes buried at four  depths fo r  13 months. The in- 

fluence of depth on the percentage of germinable achenes is given by: 

2 G = -0.16 + 0.36D - 0.03D , 
where G = germination percentage of achenes, and D = depth of burial (p 

<.0001, r = .87). Only 0.5% and 3.9% of achenes at 0.5- and 1-cm depths, 

respectively, germinated after 13 months of burial. However, 63.1% and 

2 
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88.1% of achenes at 2.5- and 5-cm depths, respectively, germinated after the 

same amount of time. 

1988 study. The percentages of  germinable pappus-bearing achenes after 12 

months of burial showed a negative exponential increase with depth (Fig. 2). 

There were virtually no differences detected between germinable and total 

live achenes. Maximum survival occurred at depths of 5-om o r  more, after 12 

months. 

Packets buried nearest the soil surface (0.5-cm depth) contained a large 

number of split testa. The influence of depth on the number of split testa 

is given by the equation: 

2 S = 0.069 - 0,760D + 0.0440 

where 3 = loge (number of split testa), and D depth of burial (p <.0004, 

r = .98). 2 

Achene depletion. Arithmetic plots of the number of total live yellow star- 

thistle achenes and seedlings per square meter showed a curvilinear decline 

over time for both variables (Fig. 3A) .  Both the density of achenes in soil 

and emerged seedlings declined rapidly, to 16.6% and 19.9% of initial abun- 

dance, respectively, recorded after 12 months. 

There were significant linear and quadratic effects of time on log- 

transformed propagule density (r2 = .999, p = ,0026) and significant linear 

effects of time on log-transformed seedling density ( r  = .997, p=.0012) 

(Fig. 3 B ) .  Regression analysis indicated there was a significant interac- 

tion between life stage category (In of achenes in soil or In of emerged 

2 
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Figure 2. 
thistle pappus-bearing achenes and depth of burial after 12 months (1988 
study) . 

The relationship between germination percentages of yellow star- 
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starthistle achenes recovered from soil (solid lines) and emerged seedlings 
(hatched lines) per year in the depletion study site: A) arithmetic plot 
(standard errors are indicated by vertical lines). 
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2 Figure 3B. 
yellow starthistle achenes recovered from s o i l  (solid lines) and 
emerged seedlings (hatched lines) per year in the depletion study 
site: B) semilogarithmic transformation. 
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seedlings) and the linear and quadratic time effects. Although both achene 

and seedljng densities declined significantly over time, the nature of those 

reductioiis was different; decline of achenes in soil was curvilinear while 

that of emerged seedlings was linear. 

Despite the difference in achene and seedling decline, the number of achenes 

in the upper 2.5-cm of soil appeared to be a good predictor of seedling 

emergence after autumn rains. The regression relationship between achene 

density per year and seedling density per year is given by the equation : X 

= 2.86 + .74Y; where x = seeds and y = seedling emergence ( r  = .919, p = 

.041).  

2 

DISCUSS ION 

Although there was a considerable decline of yellow starthistle in 

some of  the buried packets in the 1983 burial study, the large numbers of 

germinable achenes which remained in other packets after 72 months may, with 

appropriate disturbance, have been sufficient to support recolonization. At 

the end of 72 months, the frequency of germination percentage intervals 

showed two distinct peaks at the extremes (Fig. 1). We believe that this 

arose primarily from differences existing in the soil environment of the 

microsites where the packets were buried rather than inherent differences 

among the replicate achene samples themselves. 

achenes 

The significant decline (after 24 months) in percentages of total live 

(germinable plus viable) achenes remaining in packets in the 1984 burial 

study was likely due to germination or death of achenes. Evidence of achene 

depredation by insects or animals was not observed in any of the burial 

studies, although it can occur in natural soil seed banks. In any case, 



there was a consistent pattern whereby variability in germinability o r  

viability of buried achenes increased in a linear fashion for both 1983 and 

1984 studies. 

The reason(s) for  the increases in the germination percentages of buried and 

dry-stored achenes in the 1984 burial study are not known. However, 

after-ripening may serve to prevent premature germination of winter annuals, 

such as yellow starthistle, in dry habitats ( 3 ) .  

The differential loss  of germinable pappus-bearing achenes buried at various 

depths (1984 and 1988 studies) indicated a strong response to burial depth. 

The nearly complete loss of germinable achenes from shallow depths (0.5- and 

1-cm depths, 1984 study; 0.5-cm depth, 1988 study) was felt to be primarily 

due to germination during burial. Germination was indicated by the typical 

splitting of testae along the longitudinal axes of the achenes inside the 

packets in the 1988 study. By contrast, testae of achenes that died during 

burial were soft but still intact. The abrupt increase in germination per- 

centages of achenes from the 1- to 2.5-cm depths (1984 study), or 0.5- to 

1-cm depths (1988 study) suggested that the dynamics of dormancy in this 

zone changed dramatically. Light may have been an important factor in- 

fluencing relative dormancy in yellow starthistle achenes in this burial 

environment. However, other factors could have been important also. For 

example, diurnally fluctuating temperature ( 1  l ) ,  soil nitrate ( 12), and 

volatile inhibitors arising from metabolism in seeds ( 4 )  have been reported 

to affect the germination response of buried seeds in other plant species. 

Differences in survival (at the 1-cm depth) between the two studies may have 

been amplified by variations in exposure to rainfall. In the 1988 study, 

achenes were exposed to a single wet season (October 1988 to September 1989) 



whereas, in the 1984 study, achenes received additional rainfall toward the 

end of the study (October 1984 to November 1985). 

In the depletion study, seedling emergence and achene mortality were both 

major factors responsible for the decline of achenes in soil (Figure 1). In 

view of the increased survival of pappus-bearing achenes with increases in 

burial depth, the loss of the major proportion of achenes in the study site 

during the first year was most likely due to the distribution of achenes on 

or near the soil surface. Yadav and Tripathi (13) demonstrated that seeds 

of three Eupatorium spp. remain near the surface in undisturbed s o i l .  

Likewise, most achenes of yellow starthistle, especially those dispersed 

from plants during the initial year of the study (1983), probably remained 

near surface as well since soil and duff layers were relatively undis- 

turbed, 

the 

Although there was a sharp decline in seedling emergence and achene recovery 

in the second and third years of the study, the so i l  seed bank was obviously 

buffered against total depletion in a single year. Thus, under the condi- 

tions of the study in which achene rain was prevented, there was an 

exponential rate of achene loss from the emergence zone. Consequently, dor- 

mant achenes in the lower strata became the major constituent in the soil 

profile. Conversely, under conditions of natural achene rain, a small 

proportion of achenes are displaced downward in the soil profile by natural 

factors and enter a dormant state. Over time these achenes may accumulate 

to form a persistent seed bank that has the potential fo r  recolonization. 
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